Abstract. Dental cone beam computed tomography (CBCT) is a new approach in diagnosis and predication of various dental diseases, including trauma, congenital defects, tumors and inflammatory. In this study, we reported the outcome of CBCT for a complicated case of malocclusion, accompanied with tooth loss and periodontitis. A combined application of CBCT with 3D-static images and rotated reconstruction images is reviewed as a systematic model in diagnosis, treatment and progonsis of a complex malocclusion.
Introduction
Malocclusion (i.e. poor bite) is an incorrect relation or misalignment between the teeth of the two dental arches when the jaws close. It is often involved in the causal dental and skeletal disharmonies. Malocclusion is one of the most common dental disorders in pediatric population. Its incidence in children is as high as 68% [1] . Malocclusion can be caused by various problems, such as genetic factors, cleft lip and palate, crowns or braces in unappropriated position, abnormally shaped or impacted teeth, tumors in the mouth or jaw, injuries that result in the misalignment, poor dental care, thumb sucking in the early childhood, prolonged usage of bottle feeding in the early childhood, frequent usage of pacifier after the age 3. The clinical manifestation of malocclusion are of several types, including the individual malposed tooth, the abnormality of dental arch and tooth arrangement, the abnormality of the relationship between dental arch, jaw, and facial tissues [2] (i.e. crowded teeth, crossbite, overbite, underbite, or open bite). Malocclusions may have influence on facial proportion, oral hygiene, maxillofacial function, and social and psychologic status.
The treatment methods for malocclusions include the preventive orthodontics, interceptive orthodontics, general orthodontics and combined orthodontic and surgical treatment [3] . Radiographs are an indispensable tool in dental clinical treatment, including the traditional radiographic method such as panoramic and lateral cephalograms, posterior bitewing radiographs and anterior periapical radiographs, traditional CT technology, 3D-static images and rotated reconstruction images generated by CBCT.
Intraoral, panoramic and cephalometric radiographs are the basic imaging techniques in dentomaxillofacial. But the effect of these radiographs was affected by exposure conditions, quality of photographic file, development process and so on.
The traditional CT technology also has 3D images, but its application is limited due to high radiation dosages, high cost, long hours for scanning, certain degree of deformation and artifacts of existing metal (i.e. metal ceramic crown or tooth filling materials), which might be affected by surrounding tissues of maxillofacial structures, especially alveolar bone.
CBCT has been widely used in diagnosis of the lesions in airway tract system [4, 5] , root position and structure [6, 7] , orthognathic surgical planning [8] , temporomandibular joint evaluation [9] , positions of impacted teeth [10, 11] , evaluation of skeletal asymmetries [12, 13] , and miniscrew placement [14, 15] . CBCT uses a lower radiation dose than traditional CT technology and results in a higher level of distinguishability and accuracy than is found with 2D images, such as cephalometry and panoramic radiographs [16] . The microstructure of dentoskeletal hard tissue can be seen with CBCT. The images have little distortion and artifact caused by metal might be observed [17] . The transaction of CBCT has no overlap image, which displays 3D morphology of the craniofacial skeleton, by virtual 3D reconstruction with a high degree of accuracy [18] . 3D-static images and rotated reconstruction images can be both generated by CBCT. 3D-static images can provide detailed information of a certain site, while 3D-rotated images can be rotated from every direction and the changes of teeth and dent skeletal changes in the treatment can be clearly observed [19] .
Here, we reported a case of an adult malocclusion patient with loss of teeth and periodontitis. The impact of 3D-rotated images and static images generated by CBCT evaluation in diagnosis of complex malocclusion was discussed and a mini-review was made.
Case report
A 33-year-old man came with the chief complaint of an unesthetic dental appearance. His maxillary right lateral incisor had been missing for several years ago due to trauma. The patient had received no treatment during that time, and he had no history of smoking or bad oral habits. Physical examinatin showed poor oral health, thick dental calculusbands, incisor protrusion and large gaps between the maxillary incisors. The gap between the maxillary incisors and the incisal protrusion had increased. His maxillary right lateral incisor was missing, and his maxillary left central incisor was extruded. Scattered space existed between the upper anterior teeth. He had a severe deep overjet (12.0 mm) and overbite (5.0 mm), and his mandibular central incisors slightly impinging the gingiva of the upper jaw. Occlusal trauma could be observed on the palatal mucosa. The available maxillary space was 11.0 mm, and the crowding degree of the mandible was 1.0 mm ( Fig. 1.A) .
The CBCT examinations were performed using a device with a flat panel detector (aSi) size of 20 × 25 cm (KaVo 3D exam; KaVo, Biberach, Germany) and reconstructed using i-CAT Vision software (Imaging Sciences International, Hatfield, Pa). A panoramic radiograph showed that all teeth were present except the maxillary right lateral incisor (Fig. 2.A) . The mandibular left third molar was mesioangularly impacted. Extensive resorption of alveolar bone, primarily in the anterior regions, could be observed on the radiograph. The root resorption caused by trauma of the maxillary right central incisor could be observed by CBCT, which showed that palatal alveolar bone resorption was 1/3 of the root level of the maxillary left central incisor and the alveolar bone resorption was at the mid-root level of the mandible incisors (Fig. 3) .
The treatment objectives were to achieve a stable occlusion, restore esthetics, function, and periodontal health in the anterior region, maintain the existing occlusion in the posterior region and replace the spaces between the incisors. Therefore, the complete periodontal therapy was perfomed to re-establish a stable occlusion, restore esthetics and function, prevent mutual aggravation of occlusal trauma and periodontitis, and create the space for prosthodontic treatment. These procedures prevented mutual aggravation of occlusal trauma and periodontitis, to attain better facial esthetics and restoration of the dentition defect.
Twenty-nine months after treatment, all brackets were removed. Thirty-one months after treatment, a free gingival graft (FGG) was performed to increase the thickness of the labial gingival, and a final restoration with a hybrid ceramic facing crown was then performed (Fig. 1.B ). The occlusal trauma had been relieved, and the severe periodontitis was well controlled throughout the orthodontic treatment.
Detailed information obtained by static images generated by CBCT
Newly formed trabecular bone could be observed on static images generated by CBCT in the maxillary and mandibular anterior regions, and the height of lingual bone plate was increased (Fig. 2.B,  Fig. 3 ). No further root resorption was observed in the maxillary right central incisor.
Overall perspective from 3D-rotated images
The pre-and post-treatment 3D-rotated images were created using Dolphin Software (version 11.0; Dolphin Imaging Systems, Chatsworth, Calif). They showed marked improvement of the anatomic morphology of the dentofacial region. The 3D images also showed that a normal overjet and overbite were established, a stable occlusion was achieved, and occlusion in the anterior region was improved (Fig. 4) . The maxillary central incisors were corrected with proper intrusion and alignment.
Discussion
Malocclusion often causes periodontal diseases and missing teeth [20] . Proper orthodontic treatment combined with periodontal treatment can achieve a better occlusion and prevent the aggravation of occlusal trauma and periodontitis [21] . Higher price than traditional 2D radiographs; Could provide spatial details and overall information;
Higher radiation dose than traditional 2D radiographs. Lower radiation dose than traditional CT; Lower cost than traditional CT Convenience; Accuracy in all three dimension of the alveolar bone; Images can be rotated.
In recent years, successful dental multidisciplinary therapy has required that problems be considered on an individual basis, and that with a comprehensive diagnosis and treatment plan be based on the knowledge and skills of all involved disciplines [22] . In this study, the patient's periodontitis was obviously relieved, and a stable occlusion was achieved after treatment. Furthermore, post-treatment CBCT showed that a harmonious facial pattern was achieved, and newly formed alveolar bone was observed in some regions. A normal overjet and overbite were established that improved occlusion in the posterior region.
Radiographs are a commonly-used diagnosis tool in orthodontic treatment [23] . With the advent of CBCT, it is now possible for clinicians to evaluate the hard and soft tissues of the maxillofacial region in 3D and high spatial detail. CBCT utilizes a cone-or pyramid-shaped X-ray beam that is directed on the pursued maxillofacial field-of-view. PC Chien et al. suggested that CBCT allowed overall improved interobserver and intraobserver reliability in certain landmarks in vivo when compared with twodimensional images [24] . The high accuracy of CBCT images is a valuable tool for analysis of tooth structure and adjacent anatomy [25] . The advantages and disadvantages of traditional 2D radiographs, traditional CT technology and CBCT are shown in Table 1 .
There are various indications which cannot be adequately interpreted from 2D images or 3D-static images and therefore will benefit from 3D-rotated images. 3D reconstruction rotated images can be created by utilizing the original CBCT data using analysis software such as Dophin, In vivo, and Anatomage. They have certain advantages that other radiological technologies do not have. First of all, a large number of 2D X-ray pictures could be replaced by the 3D-rotated images as patient information could be observed different directions. Furthermore, it is beneficial for both clinicians and patients or their family members to have a better understanding of the patient's pathogenic condition, which could improve the communication between doctors and patients. In addition, the availability of the 3D-rotated images significantly increases the confidence of orthodontists and helps them make better diagnosis and treatment plans, as the information obtained from the 3D-rotated images is more accurate than that obtained from traditional 2D images. Finally, by comparing the pre-and post-treatment 3D-rotated images, treatment results can be clearly and directly assessed. In this study, the occlusal relationship, the arch form and the midline could be observed from different directions. This information obtained from the CBCT scan could influence the patient's final treatment outcome by helping clinicians develop a better diagnosis and treatment plan [26] .
However, it should be reminded that the 3D-rotated images should not necessarily replace the static images, as the specific information of each tooth and its alveolar bone, root position and shape can not be measured. As the 3D-rotated images can only present general information for clinicians, it is essential for orthodontists to combine 3D-static images and rotated reconstruction images when diagnosing, treating and evaluating patients.
Conclusions
Dental CBCT has its unique advantage in evaluation of the hard and soft tissues of the maxillofacial region in high spatial resolution. The 3D-rotated images are fasion for overall evaluation of a patient and doctor-patient comunication, while the 3D-static images generated by CBCT can display the specific status of a certain site (i.e. root position and structure, positions of impacted teeth, the quality and quantity of alveolar bone and so on). We propose that a combination of 3D-static images and rotated reconstruction images generated by CBCT can be used in diagnosis of complex malocclusion cases, which aids improving the prognosis and treatment of dental disorders.
